ing Galeacysta etrusca (e. g. Bertini 2006 , OrszagSperber 2006 , Cosentino et al. 2012 , Esu and Popov 2012 , Do Couto et al. 2014 , Stoica et al. 2016 .
The development of the typical Lago Mare (bio)facies in the Mediterranean has been related to the occurrence of diluted surface waters caused by increased fluvial runoff from the north African rivers and/or Paratethyan spilling into the Mediterranean Basin (Flecker and Ellam 2006 , Gladstone et al. 2007 , Roveri et al. 2014 . Although transportation by birds has been used to explain the sudden establishment of the Paratethyan taxa in the Mediterranean (e. g. OrzagSperber 2006), a direct connection between the Paratethys and Mediterranean seems a more likely mechanism. Typical brackish water organisms are absent in the records before and after the Lago Mare facies, while brackish waters have occurred at these times (Bertini 2006) . In addition, some of these organisms, including dinocysts, are very sensitive to oxidation, which makes transportation by birds an unlikely mechanism (Do Couto et al. 2014) .
Regardless of the underlying mechanism, the Lago Mare is also considered to comprise multiple discrete spilling events (Fig. 2; Clauzon et al. 2005 , Popescu et al. 2009 , Suc et al. 2011 , Bache et al. 2012 , Do Couto et al. 2014 , Popescu et al. 2015 . In this perspective, the presence of G. etrusca (and other Paratethyan taxa) could be used to trace different spilling events of the Paratethys into the Mediterranean. A prerequisite for such a conclusion is to exactly determine the stratigraphic occurrence of G. etrusca within the Para tethys. Only then, the timing and origin of these apparent spilling events can be assessed.
The oldest record (~8 Ma) of the cyst of the dinoflagellate G. etrusca (hereafter G. etrusca) is known from the Pannonian Basin (Fig. 1) , where it represents a zonal marker for the topmost Miocene (e. g. Magyar et al. 1999a , Bakrač et al. 2012 , Magyar and Geary 2012 . Interestingly, the Pannonian Basin and the Mediterranean Basin were not directly connected during the MSC, so this species must have migrated through other basins before reaching the proto-Mediterranean Sea. The First Occurrences (FOs) of G. etrusca have already been used to reconstruct a migration path for this taxon (Popescu et al. 2009 ). According to this study, G. etrusca reached the Mediterranean via the Dacian Basin and not via the Black Sea as they assumed the Black Sea to be desiccated during the MSC. However, other studies demonstrated that the Black Sea remained water-filled and was probably even connected to the Mediterranean during the MSC (Kojumdgieva 1983 , Radionova et al. 2012 , Grothe et al. 2014 , van Baak et al. 2015a . Moreover, the FO of G. etrusca in the Black Sea is dated at ~6.0 Ma (Filippova 2002 , Grothe et al. 2014 , implying that a revision of its migration path is needed.
In this study, we combine previously published results from the Pannonian and Black Sea basins (e. g. Pa n n o n ia n B .
Fig. 1.
Map showing the extent of the Paratethys during the early Pontian at ca. 6 Ma. Localities with occurrences of the dinocyst Galeacysta etrusca: 1. Krašić/Malunje; 2. Krajačići; 3. Majs; 4. Hinova; 5. Slanicul de Buzau; 6. Zhelezny Rog; 7. Deep Sea Drilling Project Site 380; 8. Kirmaky; 9. Adzhiveli; 10. Maccarone; 11. Eraclea Minoa; 12. Cava Serredi.
eschweizerbart_xxx Magyar et al. 1999a , Popescu et al. 2009 , Grothe et al. 2014 with new palynological data from the Dacian and Caspian basins to propose a new and straightforward migration path for G. etrusca. Furthermore, careful revision of the occurrences of G. etrusca' in the central and northern Mediterranean allows us to critically review the Lago Mare event(s) of the MSC.
Methods
Galeacysta etrusca is one of the best-known examples of Paratethyan immigrants in the Mediterranean Basin, and was first described by Corradini and Biffi (1988) in Lago Mare deposits from Cava Serredi, Italy ( Fig. 1, location 12 ). To reconstruct the migration path of this species, we analyzed the FO of G. etrusca in Lake Pannon (Pannonian Basin), the Paratethys Sea (Dacian, Black Sea and Caspian basins) and the Mediterranean Basin (Fig. 1) . Sediment samples were analyzed from three well-dated sites in the former Paratethys Sea (Fig. 1 ): the Slanicul de Buzau river section in the Dacian Basin (Romania) and the outcrop sections at Adzhiveli and Kirmaky in the Caspian Basin (Azerbaijan). In addition, we critically reviewed the published age constraints of G. etrusca in the Pannonian, Black Sea and Mediterranean basins (Fig. 1) . In total, 64 samples were processed and analyzed for the presence of G. etrusca. Sample processing followed standard palynological techniques for marine sediments used at the Laboratory of Palaeobotany and Palynology (LPP) of Utrecht University (Brinkhuis et al. 2003) . Briefly, 1-12 g of dried sediment is spiked Migration of the dinoflagellate Galeacysta etrusca and its implication 3 Trubi ! S e r i e s A g e ( M a ) M e d i t e r r a n e a n M a g n e t o s t r a t .
U.E. Clauzon et al., 2005 Clauzon et al., 1996 Popescu et al., 2015 Popescu et al., 2009 Do Couto et al., 2014 Lower Evaporites 
Pontian flooding

Arenazzolo Erosion
Zanclean flooding
C3n.4n C3An.1n Alternative MSC stratigraphy (Sicily) and scenarios 5.5 Arenaz.
LM2
Fig. 2.
Chronology of the Messinian Salinity Crisis (MSC) with its different stages (1-3.2) after Roveri et al. (2014) . This model considers the Lago Mare as a single unit that co-exists with gypsum deposits of the Upper Evaporites at other localities. Moreover, the Arenazzolo Formation of Sicily is considered to resemble the uppermost part of Upper Evaporites just below the Mio-Pliocene transition (sensu Manzi et al. 2009 ). Some studies claim an unconformity at the base of the Trubi (Clauzon et al. 1996) or Arenazzolo Formation (Clauzon et al. 2005 , Popescu et al. 2009 , 2015 , Do Couto et al. 2014 . The distinction of 2 to 3 different Lago Mare events is primarily based on the presumed hiatus at the base of the Arenazzolo Fm. Note that some "Lago Mare 2 events" occur within the "erosional phase" of Sicilian stratigraphy. This LM 2 was accordingly deposited in the deep basin just after presumed desiccation of the Mediterranean Basin. Note there is also a LM (3 or 4) event suggested to occur in C3n.4n, well into the fully marine Zanclean (Popescu et al. 2015) . The regional stages of the different Paratethyan basins are shown on the left (after Krijgsman et al. 2010) .
eschweizerbart_xxx with a known amount of Lycopodium clavatum spores and treated with 30 % HCl and 38 % HF for carbonate and silicate removal, respectively. Subsequently, residues were sieved using a 10-μm nylon mesh. A droplet of homogenized residue was mounted on a slide. Slides were analyzed thoroughly for the presence of G. etrusca under a 400҂ or 1000҂ magnification. All slides are stored in the LPP collection.
Results
New material was analyzed from three sections: Slanicul de Buzau (Romania) in the Dacian Basin, and Kirmaky and Adzhiveli (Azerbaijan) in the Caspian Basin. Previously published records yielding FOs of G. etrusca in the Paratethys and the Mediterranean will be reviewed in paragraph 4 and 5, respectively.
A. Grothe et al. Bold sample codes and dark stars indicate levels that yield the dinoflagellate cyst Galeacysta etrusca. Ostracods and mollusks were used to construct a correlation with the biomagnetostratigraphically dated Rîmnicu Sărat section, which is situated just north of Slanicul de Buzau (Vasiliev et al. 2004 , Stoica et al. 2013 (Vasiliev et al. 2004 , Stoica et al. 2013 . The herein presented magnetostratigraphic and synthetic log data for the Pliocene interval (Fig. 3) were recently published by van Baak et al. (2015b) . The corresponding documentation for the late Miocene interval will be published in a separate paper. The preservation state of the palynomorphs in the studied samples is moderate and identification on a species level is generally precluded. This relatively poor preservation could be due to deep burial after deposition, because a sediment package of at least 2500 m was deposited on top the studied interval (van Baak et al. 2015b ). Nevertheless, specimens of G. etrus ca were still recognizable because of their large, characteristic and robust cyst. Galeacysta etrusca is present in deposits of the lower Pontian (Odessian) and the basal upper Pontian (Bosphorian), while it is absent in the deposits of the Maeotian and the middle Pontian (Portaferrian) (Fig. 3) . The latter deposits are characterized by shallow(er) environment (Stoica et al. 2013 ). The FO of G. etrusca is encountered at level ~39 m (SB 129) which is within the top of the magnetochron C3An.1n. The magnetic reversal to chron C3r is dated at 6.033 Ma (Hilgen et al. 2012) , while the Pontian flooding interval bearing marine fauna (fora minifera), is located ca. 40 m below and is dated as ca. 6.1 Ma (van Baak et al. 2016a ). The FO of G. etrusca in the Dacian Basin may therefore be approximately dated at 6.0 Ma. The stratigraphic position of G. etrusca's FO, slightly after the Pontian Flooding, is in agreement with the Rîmnicu Sărat section where the related Pannonian ostracod fauna is also recorded slightly after the marine flooding (Stoica et al. 2013 ).
Caspian Basin (Kirmaky and Adzhiveli)
In general, not many Pontian deposits are exposed in the Caspian region because they are either covered by younger sediments or eroded as a consequence of a large water-level drop in the Caspian Basin during the Pliocene . We have sampled two Pontian sections (Kirmaky and Adzhiveli) in Azerbaijan where tectonic uplift exposed the Mio-Pliocene deposits of the Caspian Basin.
Kirmaky
At Kirmaky valley, 8 km north of Baku (Fig. 1 , location 8), exposures of clay are found below the basal sand of the Pliocene Productive Series. The clays can easily be traced in the field by the changing vegetation cover. During a fieldwork campaign in 2013, a 3 m deep trench dug for the construction of a water pipe line exposed part of these clays, which could be sampled for biostratigraphic purposes (Fig. 4) . Careful analysis of these clayey deposits shows the presence of the dinocyst G. etrusca in combination with other taxa typical for the Pontian Stage in the Black Sea, such as Caspidinium rugosum, Impagidinium spongianum and Spi niferites cruciformis (Radionova et al. 2012) . The presence of these taxa confirms that the Pontian transgression also reached the Caspian Basin. The exact age of the Pontian taxa in the Kirmaky section remains uncertain because unfortunately no older deposits were exposed.
Adzhiveli
The Adzhiveli section is located further west ( Fig. 1 , location 9) and is composed of (silty) clays and marls, which alternate in color between brownish grey and dark grey. According to the ostracod assemblages these deposits belong to the Maeotian and Pontian Stage (van Baak et al. 2016a ). The exposed MaeotianPontian transition is dated at ca. 6.12 Ma following a cyclostratigraphic age-model ( 
Review of Galeacysta etrusca records in the Paratethys
This section presents a review of a selection of previously published records yielding FOs of G. etrusca in the Paratethys. Mediterranean sections are reviewed in
Migration of the dinoflagellate Galeacysta etrusca and its implication Section 5. A more detailed description of new material that was analyzed in this study can be found in Section 3.
Pannonian Basin
The restricted setting of the Pannonian Basin over long periods of time favored the development of endemic flora and fauna (Magyar et al. 1999b ). Simultaneously, the strongly restricted nature of the Pannonian Basin prevented the occurrence of open marine taxa such as foraminifera and calcareous nannofossil commonly used for biostratigraphy, which hampered correlation of Pannonian records to the Global Times Scale. An internal timescale based on seismic profiles, numerous well and outcrop data is proven to be very consistent for the basin (Magyar et al. 1999a , Harzhauser et al. 2004 , Magyar and Geary 2012 , Magyar et al. 2013 ), but correlation of Pannonian records to the Global Time Scale is still poor especially for sediments younger than 8 Ma (Piller et al. 2007, Magyar and Geary 2012) . Galeacysta etrusca is an important species in the Pannonian Basin, representing an important marker for the uppermost Miocene deposits of Lake Pannon. G. etrusca has been recognized in several boreholes and sections throughout the Pannonian Basin (Sütó-Szentai 1982 , Sütó-Szentai 1989 , Sütó-Szentai 1994a , Sütó-Szentai 1994b , Kovácic et al. 2004 , Popescu et al. 2009 , Bakrač et al. 2012 ). By combining rare magnetostratigraphic studies and scarce radio-isotopic ages, rough age constraints for the Pannonian have been constructed, indicating that G. etrusca appeared at about 8 Ma in Lake Pannon (Magyar et al. 1999a ). Popescu et al. (2009) 
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The age of the Hinova Section
The Hinova Section (Fig. 1 , location 4) in Romania has been subject of severe debate and requires careful explanation (Clauzon et al. 2005 , Jipa et al. 2011 , Suc et al. 2011 , ter Borgh et al. 2014 M e d i t e r r a n e a n C a s p i a n S e a event (Clauzon et al. 2005 . The main arguments for this marine connection were the presence of certain calcareous nannoplankton species, which are correlated to subzone NN12 and span the Mio-Pliocene boundary (Clauzon et al. 2005 , Suc et al. 2011 ). In contradiction with these studies, Popescu et al. (2009) A recent stratigraphy study using ostracods and bivalves showed that the Hinova section corresponds to the lower Pontian (6.0-5.8 Myr ago) (Stoica et al. 2013) , while the presence of diagnostic marine nannofossils could not be confirmed (I. Raffi, pers. comm.). In our opinion, the Hinova section represents a transgressive phase during the early Pontian, similar to the ones recorded at Slanicul de Buzau and Rîmnicu Sărat , Stoica et al. 2013 ). In addition, detailed (bio-litho)stratigraphic records of multiple sections and seismic profiles revealed that the Dacian Basin remained filled with water during the MSC interval (Vasiliev et al. 2004 , Leever et al. 2010 , Jipa et al. 2011 , Stoica et al. 2013 , ter Borgh et al. 2014 ). Due to this renewed interpretation and age constraints, the Hinova section cannot longer be used to justify two-way water exchange between the Dacian Basin and the Mediterranean during early Pliocene or latest Messinian times.
Black Sea Basin
At the magnetobiostratigraphically dated Zhelezny Rog section (Russia) and Deep Sea Drilling Project [DSDP] Leg 42b Hole 380A (Fig. 1, location 6 and 7) , the FO of G. etrusca is encountered in the basal part of the Pontian Stage (Filippova 2002 , Grothe et al. 2014 Fig. 6 ). The onset of the lower Pontian in the Black Sea is currently dated at ~6.1 Ma by means of astronomical tuning (Chang et al. 2014 , van Baak et al. 2015a ). Since, G. etrusca appears slightly after the initial flooding and in close correspondence to the magnetic reversal from Chron C3An.1n to C3r (6.033 Ma), its FO in the Black Sea Basin is considered ca. 6.0 Ma. This age constraint strikingly contrasts with the much younger FO at 5.13 Ma inferred by Popescu et al. (2009) . Based on this presumed later appearance, Popescu et al. (2009) A recent study reports occurrences of G. etrusca in DSDP Hole 380A from an interval (850-1050 mbsf), which is considered older than the Pontian Stage (Suc et al. 2015a ). These older occurrences in the Black Sea are not excluded considering the presence of this taxon (and other Pontian species) in the Pannonian Basin since ~8 Ma (Magyar et al. 1999a ), but they are inconsistent with previous studies (Filippova 2002 , Grothe et al. 2014 . G. etrusca and other typical Pontian organisms were not recorded within the pre-Pontian deposits at Zheleznyi Rog (Filippova 2002 , Radionova et al. 2012 . Moreover, we re-analyzed nineteen samples within the same interval (between 850-1050 mbsf) of DSDP Hole 380A and never encountered G. etrusca ( 
Caspian Basin
Our previous analyses of Pontian deposits from two Caspian sections (Fig. 1, location 8 and 9) show for the first time that G. etrusca was also present in the Caspian Basin during the Pontian Stage. The oldest encountered specimen of G. etrusca in the Adzhiveli section is dated at ca. 5.8 Ma (Fig. 5) . This relatively late appearance of G. etrusca in the Adzhiveli section may imply a delayed migration of this taxon to the Caspian Basin, but in general, the palynological record of the Adzhiveli section shows low occurrences of dinoflagellate cysts suggesting an unfavorable environment for dinoflagellate occurrence or dinocyst preservation before ~5.8 Ma. Many other organisms such as mollusks and ostracods, suggest exchange between the Black Sea and the Caspian Basin during the early Pontian (van Baak et al. 2016a ). We therefore assume that G. etrusca migrated also towards the Caspian Basin shortly after the Pontian Flooding at ca. 6.0 Ma.
Review of Galeacysta etrusca records in the Mediterranean Basin
In this section a selection of previously published records yielding G. etrusca in the Mediterranean is reviewed. Paratethyan sections are reviewed in Section 4. A more detailed description of new material that was analyzed in this study can be found in Section 3. Galeacysta etrusca has been recognized in LagoMare deposits at multiple sites around the Mediterranean realm, mostly from deposits in Italy (Corradini and Biffi 1988 , Bertini 2006 , Londeix et al. 2007 , Iaccarino et al. 2008 , Cosentino et al. 2012 ), but also from Spain (Do Couto et al. 2014) and ODP holes (Popescu et al. 2015) . In the commonly used stratigraphic scheme for the MSC (Roveri et al. 2014) , the Lago Mare unit corresponds to the final phase of the MSC (5.42-5.33 Myr ago) and is directly followed by the Zanclean flooding. An alternative concept with multiple Lago Mare events has been developed by designation of different age constraints to the Lago Mare successions (e. g. Clauzon et al. 2005 , Bache et al. 2012 ). This concept typically includes two or three Lago Mare events that may sometimes even range well into the Pliocene (e. g. Popescu et al. 2015 ; Fig. 2 ). Lago Mare 1 (Ͻ 5.6 Ma) is assumed to occur before the presumed drawdown of the Mediterranean, while Lago Mare 3 (5.46-ca. 5.2 Myr ago sensu Popescu et al. 2015) postdates this drawdown. Lago Mare 2 (~5. 5-5.46 Myr ago sensu Do Couto et al. 2014 ) has only been recorded from deep-sea boreholes and its significance and age is uncertain (Bache et al. 2012 , Do Couto et al. 2014 . To assess the validity of multiple Lago Mare events, we have reviewed the available data from the Eraclea Minoa, Cava Serredi and Maccarone sections because these sections are fundamental for the concept of multiple Lago Mare events (e. g. Popescu et al. 2009 , 2015 , Do Couto et al. 2014 ). Red bed L it h o lo g y P o la r it y M e d it e r r a n e a n B la c k S e a (Vasiliev et al. 2011 , Chang et al. 2014 , Grothe et al. 2014 , van Baak et al. 2016c ). In both records, the First Occurrence of G. etrusca is recorded in close correspondence to the magnetic reversal from magnetochron C3An.1n to C3r and is therefore dated at ca. 6.0 Ma. Grey arrows show two levels wherefrom older occurrences of G. etrusca are described (Suc et al. 2015a ). eschweizerbart_xxx
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Eraclea Minoa (Sicily)
The Sicilian Eraclea Minoa section (Fig. 7) is the best exposed and preserved locality for Upper Evaporites of MSC Stage 3 in the Mediterranean (Manzi et al. 2009 ). This well-studied site has robust age constraints provided by magneto-and cyclostratigraphy (e. g. Hilgen and Langereis 1993, Hilgen et al. 2007 ). Eraclea Minoa also serves as the global stratotype section and point (GSSP) for the Zanclean and the Pliocene, which are both officially defined at the lowermost precession cycle of the Trubi Formation dated at an age of 5.33 Ma (Van Couvering et al. 2000) . Dinoflagellate cyst assemblages from Eraclea Minoa and other Sicilian outcrops were analyzed to reconstruct paleoenvironmental conditions before, during and after the Messinian Salinity Crisis (Londeix et al. 2007 ). The FO of G. etrusca is encountered within the uppermost part of the Upper Evaporites just below the onset of the 7 th (and final) gypsum cycle of the Upper Evaporites (Fig. 7) . Following the astronomically tuned age model for Eraclea Minoa, this level is dated as ~5.35 Ma (Hilgen et al. 2007 , Manzi et al. 2009 ). Remarkably, the dinocyst assemblage here is dominated by Homotryblium spp. (Ͼ 80%), a genus that is associated with lagoonal settings and higher salinities (Brinkhuis 1994, Pross and Schmiedl 2002) . Galeacysta etrusca occurs more consistently and in high numbers within deposits of the Arenazzolo Formation ( Fig. 7 ; Londeix et al. 2007) . Using the astronomical tuning of this section, the occurrence of G. etrusca in the Arenazzolo Formation is bracketed between ~5.335-5.332 Myr ago (Hilgen et al. 2007 , Manzi et al. 2009 Some studies, however, claim a hiatus at the top of the Upper Evaporites between the Arenazzolo and the Pliocene Trubi Formation (Clauzon et al. 1996) between the Lago Mare and Arenazzolo deposits (e. g. Clauzon et al. 2005 , Popescu et al. 2009 ; Fig. 2 and 7) , while others claim no exposed discontinuity in the Eraclea Minoa section (Suc and Bessais 1990 , Hilgen et al. 2007 , Manzi et al. 2009 ). The existence of a "potential" hiatus at Eraclea Minoa is one of the key arguments for the concept of multiple Lago Mare events. If a hiatus is present in this section, the FO of G. etrusca in the Mediterranean Basin could be moved to before the peak MSC event at ca. 5.6 Ma (Clauzon et al. 2005 , Popescu et al. 2009 , Suc et al. 2011 , Bache et al. 2012 , Do Couto et al. 2014 , Popescu et al. 2015 . Additional localities near the Eraclea Minoa section have been used to strengthen the existence of an unconformity (Popescu et al. 2009) (Fig. 7) , but detailed facies analyses in the region have ruled out the presence of a hiatus on top of the last gypsum unit and below the Arenazzolo (Manzi et al. 2009 ).
Maccarone (Northern Apennines)
The Maccarone section in the Northern Apennines (Italy; Fig. 8 ) comprises deposits of MSC Stage 3 that are attributed to the post-evaporite units "p-ev1" and "p-ev2" (Roveri et al. 2008b, Di Tetto and Colombacci Formations) and the earliest Pliocene (Argille Azzurre Formation). The Colombacci Formation has reversed polarities that all correspond to magnetochron C3r (Krijgsman et al. 1999b ). In-situ planktonic foraminifera are only present in the Argille Azzure Formation, and show all the characteristic events of the lowermost five precessional cycles of the Zanclean stage (Roveri et al. 2008b) . Moreover, the base of the section bears an ash-layer that was dated at ~5. 5 Ma using 40 Ar/ 39 Ar (Odin et al. 1997) , later refined to 5.532 Ȁ 0.0046 Ma using U/Pb (Cosentino et al. 2013) . Consequently, the Messinian part of the Maccarone section comprises the (Popescu et al. , 2009 (Popescu et al. , 2015 . Note the ash layer in the base of the section that is dated at 5.532 Ma (Cosentino et al. 2013) .
eschweizerbart_xxx time interval between ca. 5.53 and 5.33 Ma (Roveri et al. 2014) . A comprehensive palynological record is available for this section (Bertini 2006) and therein the FO of G. etrusca is recorded at ~152 m (Fig. 8) . In addition, Popescu et al. (2007) constructed a more detailed record for the uppermost part of the Di Tetto Formation and the Colombacci Formation. recorded the FO of G. etrusca already at 134 m, while other Paratethyan dinocysts (e. g. Pontiadinium) were encountered down to ~130 m. Upwards, the Paratethyan taxa occur consistently without any unconformities and are replaced by open marine fauna in the Argille Azzurre Formation at the onset of the Pliocene.
The ingression of the Paratethyan dinocysts (including G. etrusca) at Maccarone, which can be considered as a single and continuous phase, is approximated at 5.37 Ma assuming constant sedimentation rates from the ash layer in the base of the section (5.53 Ma) to the Zanclean flooding (5.33 Ma) at the top of the section. The base of the Lago Mare facies, which is marked by a strong increase in Pinus pollen at ~110 m and appearance of Paratethyan ostracods at ~120 m , is dated at 5.42 Ma (Roveri et al. 2008c , Roveri et al. 2014 . In contrast, a Zanclean age for the same level was proposed based on the observation of two nannofossil species: Ceratolithus acutus and Triquetrorhabdulus rugosus ( Fig. 8 ; Popescu et al. 2007 , Popescu et al. 2009 ). These taxa, however, are shown to be an unreliable stratigraphic marker within the Mediterranean Basin (Di Stefano and Sturiale 2010). The erroneous correlation of the G. etrusca's FO to the lower Zanclean (see Roveri et al. 2008b for details) is one of the key arguments for the establishment of a third Lago-Mare influx (LM3) that is attributed to the Pliocene (Clauzon et al. 2005 ; Fig. 2 ).
Cava Serredi (Northern Apennines)
A 26 m thick Lago Mare deposit was described from the Cava Serredi quarry in Italy (Bossio et al. 1981 ; Fig. 1, location 12 ) and correlated to MSC Stage 3 (Roveri et al. 2008a) . Four out of five palynological samples taken from the Lago Mare facies at this section were devoid of dinocysts, but the only productive sample (#7.2) yielded an assemblage dominated by the Paratethyan immigrant species G. etrusca, Impagidinium (?) sp. 1 (= Caspidinium rugosum) and Impagidinium (?) sp. 2 (Corradini and Biffi 1988) . According to Popescu et al. (2009) , the quarry described in the 1980s by Bossio et al. (1981) has changed radically. Apparently, the upper part of the Lago Mare facies is missing from the present-day quarry face, which is used to claim a (undetectable) hiatus on top of the Lago Mare (Clauzon et al. 2005 , Popescu et al. 2009 ). Consequently, Popescu et al. (2009) correlated the level with G. etrusca of Corradini and Biffi (1988) to their Lago Mare 1 event, i. e. ca. Ͼ 5.6 Ma (Fig. 2) . This apparent hiatus is the only reason for Clauzon et al. (2005) and Popescu et al. (2009) to make the Lago Mare deposit at Cava Serredi older than Lago Mare deposits corresponding to the final phase of the MSC, i. e. Ͻ 5.42-5.33 Myr ago (e. g. Roveri et al. 2014) . The presence of a hiatus would fit the "two-step desiccation model" for the MSC as proposed by Clauzon et al. (1996) , but such a regional hiatus is in disagreement with sedimentological and seismic studies (Aldinucci et al. 2005 , Roveri et al. 2008a ) and the continuous deposition documented in the original studies of Bossio et al. (1981) and Corradini & Biffi (1988) . Furthermore, the presence of marine fish fossils in the Cava Serredi section indicates continuous influence of marine waters making Mediterranean isolation and subsequent desiccation during the deposition of this Lago Mare unit unlikely (Carnevale et al. 2006) . In contrast, it implies that a marine connection to the Atlantic may have (temporarily) persisted during the Lago Mare phase.
Discussion
A new migration path for Galeacysta etrusca
Galeacysta etrusca is well-known to originate from the Pannonian Basin (Central and Southeastern Europe), where its oldest occurrence is approximately dated at 8 Ma (Magyar et al. 1999a) . A rapid dispersal of G. etrusca around 6.0 Ma to the Dacian and Black Sea Basin ( Fig. 9 and 10 ) implies the establishment of a sudden (re-) connection between the Paratethyan basins. In this study we show for the first time that G. etrusca also occurred in the Caspian Basin (Fig. 4  and 5 ). Although G. etrusca dispersed throughout the Paratethys at around 6.0 Ma, it was never encountered in Mediterranean deposits of this age, and neither during MSC stages 1, 2 and 3.1, i. e. between 5.97-5.42 Myr ago (Bertini 2006 , Londeix et al. 2007 , Iaccarino et al. 2008 , Gennari et al. 2013 
Origin of the Lago Mare waters
From which Paratethys Basin the Paratethyan waters made it to the Mediterranean at the end of the MSC, is still a subject of debate. The reevaluation of the Hinova section to the lower Pontian (Stoica et al. 2013) rules out that two-way water exchange between the Paratethys and the Mediterranean occurred via the Dacian Basin as previously suggested by Clauzon et al. (2005) , Popescu et al. (2009 ), Suc et al. (2015b . The Black Sea has often been ruled out as source for the brackish Lago Mare water because of its assumed (partial) desiccation during the MSC (Hsü and Giovanoli 1979 , Popescu 2006 , Gillet et al. 2007 , Popescu et al. 2009 . A recently updated age model for DSDP Hole 380A, however, highlights that there is no evidence for a desiccation event in the Black Sea at least not during the MSC (van Baak et al. 2015a ). This implies, in combination with the presence of G. etrusca in the Black Sea during the entire MSC interval (Grothe et al. 2014) , that the gateway between the Paratethys and the Mediterranean could have been located between the Black Sea and the Mediterranean (Steininger and Rogl 1984, Popov et al. 2006) . Even if the present-day Bosporus region was entirely continental during the latest Miocene (Suc et al. 2015a) , the existence of alternative routes between the Black and Mediterranean Seas is still possible (van Baak et al. 2016a ).
Migration of the dinoflagellate Galeacysta etrusca and its implication Graph showing the stratigraphic ranges of the dinoflagellate cyst Galeacysta etrusca according to Popescu et al. (2009 Popescu et al. ( , 2015 and this study on the left and on the right, respectively. Our data indicates long stratigraphic ranges of G. etrusca in the Dacian, Black Sea and Caspian basins. The stratigraphic ranges of G. etrusca in the Mediterranean are restricted to the uppermost Messinian. eschweizerbart_xxx
One Lago Mare phase or multiple events?
The Russian term for "Sea Lake" (in Italian "Lago Mare") was used to define deposits with typical brackish to freshwater fauna in the Paratethys during the late Miocene and Pliocene, i. e. ≈ Pontian strata (Cita et al. 1978 , Orszag-Sperber 2006 and references therein). Later, this term was transferred to the Mediterranean stratigraphy to describe a brackish water facies at the end of the Messinian Salinity Crisis (e. g. Ruggieri 1967) . Being in the Mediterranean, this term drifted further away from its original meaning and was also used as a regional Mediterranean stage that included the entire Upper Gypsum deposits (Cita and McKenzie 1986) , now dated at ca. 5.55-5.33 Myr ago (Hilgen et al. 2007 , Manzi et al. 2009 ). Ultimately, the term "Lago Mare" was used to indicate multiple brackish water spilling events of the Paratethys into the Mediterranean (Popescu et al. 2009 , Do Couto et al. 2014 , Popescu et al. 2015 . In our opinion, the term "Lago Mare" should be exclusively used to designate the dominantly brackish environments in the Mediterranean at the end of the MSC, which started at 5.42 Ma (Manzi et al. 2009 , Roveri et al. 2014 , as previously suggested by Orszag-Sperber 2006) . This implies that rare discrete occurrences of brackish water taxa within a dominantly marine assemblage should not be fit in the term "Lago Mare". Different age-assignments for different Lago Mare units are the basis for the concept of multiple Lago Mare events (Clauzon et al. 2005 , Popescu et al. 2009 , 2015 , Suc et al. 2011 , Bache et al. 2012 , Do Couto et al. 2014 ). Key question is thus whether an age difference between multiple Lago Mare deposits exists, and if so whether these deposits are dominated by brackish water taxa. Assuming the existence of multiple "Lago Mare events", one would expect a certain location with Lago Mare deposits to be recording multiple "Lago Mare events". Remarkably, the only locality where multiple Lago Mare events have been recognized is the Eraclea Minoa section in Sicily (Londeix et al. 2007 , Popescu et al. 2009 ). At Eraclea Minoa, however, the argument for the existence of two Lago Mare events is exclusively based on the presence of a regional erosional surface or unconformity (Clauzon et al. 2005 , Popescu et al. 2009 ), which can be seriously questioned by detailed facies analyses (Manzi et al. 2009 ). Therefore, we consider the claim for a Lago Mare event before the peak MSC at ca. 5.6 Ma (Lago Mare 1 of Clauzon et al. 2005 , Popescu et al. 2009 , Do Couto et al. 2014 , Popescu et al. 2015 ) not valid. The Lago Mare 2 event is only reported from ODP and DSDP boreholes (Popescu et al. 2015) . In all these records, however, the specimens of G. etrusca and other Paratethyan markers are sporadically encountered within a dominantly marine assemblage. This argues against the presence of truly brackish conditions and therefore the Lago Mare 2 event should not be considered a Lago Mare deposit. Moreover, these discrete occurrences may also represent reworking of the fossil rich Lago Mare deposits in the more proximal basins (e. g. Bertini 2006) . Lago Mare 3 occurred at the end of the MSC and is sometimes extended into the Pliocene (Clauzon et al. 2005 , Do Couto et al. 2014 , Popescu et al. 2015 . The extended age of Lago Mare 3 is primarily based on the incorrect correlation of the Maccarone section to the Zanclean Stage ). Considering the complete Lower Zanclean foraminifer zonation in the Argille Azzure Formation, a Pliocene age for the Lago Mare in the Maccarone section is not valid (see for more details Section 5.2 and Roveri et al. 2008b ). Regardless of the minor age differences that exist about this Lago Mare ʻeventʼ (Fig. 2, 9 ), we propose, considering the above, to restore the original concept of the Lago Mare as a single dominantly brackish unit/ phase at the end of the MSC. 
Conclusions
